Six diorganotin(IV) carboxylates prepared by reacting diorganotin(IV) dichlorides with the respective silver carboxylate have been tested for antifungal activity against Aspergillus. niger, Aspergilluus flavus and Pencillium. citrinum in Sabourand dextrose broth. The compounds generally exhibit greater fungitoxicity than the diorganotin(IV) dichlorides and the carboxylic acids from which they were synthesized. In keeping with the generally accepted notion that the organotin moiety plays an important role in deciding the antifungal activity of an organotin compound, the diphenyltin(IV) compounds were more active than their di-n-butyltin(IV) analogues. However, the order of increasing fungitoxicity of the compounds parallels that of the uncomplexed carboxylic acids. The implications of the results are discussed.
Introduction
The chemistry of tin compounds continues to be of interest on account of their interesting structural features and also because of their potentials as agricultural biocides , antitumor agents 6, z, wood perservatives e, antioxidants for polypropylene9, stabilizers for polyvinylchloride , amnliwnanatifgeUnll; 4 Choar(3autichaetraPl;sStean eflcayrlntaadean? s6.adreav?oduSsnnvkeesilPaPtinSsSaort coordinating properties of carboxylates towards organotin compounds ae' 7. have led to the isolation of new organotin(IV) carboxylates with antimicrobial or antitumor activity. On the other hand, the antifungal properties of salicylic acid and its derivatives have long been recognised9. We now report the antifungal properties of some salicylic, acetylsalicylic, acetic and phthalic derivatives of organotin(IV) complexes in the search for fungicides. Procedures for the preparation of the organotin(IV) carboxylates used in this study are 17 21 25 available in the literature We, however, prepared the compounds using a new procedure, which employs the reaction of the relevant silver carboxylate with di-n-butyltin dichloride or diphenytin dichloride. The silver salt was usually prepared by the reaction of the carboxylic acid with one mole equivalent of silver oxide in CH2CI2 and used as soon as possible after preparation. In a typical reaction, Bu2SnCI2 (4.6g, 0.015mol) in CH2CI2 (150 cm3) was stirred in the dark with AgO2CCH3 (6.50g, 0.039mol) for 24h and then filtered. The filterate was evaporated to dryness and the residue dried in vacuo. The crude product was purified by recystallization in toluene to give samples suitable for spectroscopic and elemental analyses.
Materials and Methods
A similar procedure was followed for the preparation of the other diorganotin dicarboxylates. However, 1:1 (silver pthalate: organotin dichloride) mole ratios were used for the preparation of the organotin phthlates.
The antifungal activities of the compounds were evaluated in Sabouraud dextrose broth by a method essentially similar to that described by Gershon R2SnCI2 + 2AgOCOR'----R2Sn (OCOR')2 + 2AgCI (1) H NMR data were similar to those described in the literaturez'. The infrared spectra of the compounds were recorded in the range 600-4000 cm and the results are presented in Table 2 . The strong asymmetric stretching bands of the carboxylates occur at ca. 1400 cm and the symmetric stretch at ca. 1550 cm , confirming the success of the substitution reactions. The Sn-Ph deformation bands were at 1050 cm , Sn-O-C at ca. 980 cm and Sn-C(alkyl) between 600 and 700 cm 980m  660w  2  1580m  1420m  3060w  995w  640w  3  1590m  1430m  3095w  930w  700w  4  1560m  1425m  1000w  680w  5  1520m  1390m  3020w  1055w  980w  6  1540m  1435m  3060vw  1050w  100w s=strong w=weak; m=medium; vw= very weak.
The antifungal activity of these compounds and of the organotin compounds and the carboxylic acids from which they were prepared is reported in Table 3 . It is evident from Although the antifungal activity of salicylic acid derivatives have long been known9, relative to the organotin compounds used in the current work, the free carboxylic acids presented weak antifungal activity against the tested fungi. We define good activity as inhibition below 0.1 mmol/L; moderate activity as 0.1-1.0 mmol/L and weak activity as greater than 1.0 mmol/L This indicates that the presence of the metal ions plays an important role in the increased antifungal activity when these acids are coordinated. In this respect, our results are consistent with a well-known fact that many 7' biologically active compounds become more active upon complexation than in their uncomplexed forms. On the other, the fact that the organotin carboxylates are more active against the tested fungi than their parent organotin chlorides suggests that the carboxylate groups play a role in the fungitoxicities of these compounds. This seems particularly true for the di-n-butyltin carboxylates since the order of fungitoxicites of the free acids roughly parallels that of the carboxylates.
According to Crowe , the actual biological activity of diorganotin compounds of the type RR'SnXY is determined solely by the RR'Sn + moiety. Consequently the group XY would only influence the delivery of the active RR'Sn / ion to the cell. However, since the free carboxylic acids show some antifungal activity, it seems unlikely that the activity of the RR'Sn z/ moiety only provides full explanation for our results. The higher activities of the carboxylates relative to their parent organotin compounds and the free carboxylic acids appears to be an additive (not a synergistic) effect of the metal ions and the carboxylate groups, with the possibility of a common mode of action. In this regard, the hypothesis that relates the toxicity and nontoxicity of metal complexes to the penetration and nonpenetration of the fungus by the toxicant is of interest. Groups like the acetylsalicylate and RR'Sn + considerably change the molecular parameters that influence the orientation of the molecule on biological receptors and facilitate penetration into the cell membranes.
The observation that the diphenyl compounds are more active than their di-n-butyl analogues is in line with the notion that the number of carbon atoms in the organotin moiety 9 affects its activity. In the triorganotin series, optimal activity has been associated with nine to twelve carbon atoms o and this may be the case in the present work, where the diphenyltin group contains twelve carbon atoms but their di-n-butyltin-counterparts contain eight. However, it is noteworthy that Gielen and his co-workers e found that some di-n-butyltin(IV) derivatives of salicylic acid were more active than the corresponding diphenyl-or diethyl-compounds.
Our results clearly indicate that the organotin(IV) carboxylates described in this work show antifungal activity. Further investigations of these and related compounds with different fungi are in progress.
